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We present a model of a qubit built of a three coherently coupled quantum dots with three spins in
a triangular geometry. The qubit states are encoded in the doublet subspace and they are controlled
by a gate voltage, which breaks the triangular symmetry of the system. We show how to prepare
the qubit and to perform one qubit operations. A new type of the current blockade effect will
be discussed. The blockade is related with an asymmetry of transfer rates from the electrodes to
different doublet states and is used to read-out of the dynamics of the qubit state. Our research
also presents analysis of the Rabi oscillations, decoherence and leakage processes in the doublets
subspace.
PACS numbers: 73.63.Kv, 03.67.-a, 03.65.Xp
I. INTRODUCTION
A quantum computer will allow to perform some algo-
rithms much faster than in classical computers e.g. Shor
algorithm for the factorization the numbers [1]. The ba-
sic elements in the quantum computation are qubits and
quantum logical gates, which allow to construct any cir-
cuit to quantum algorithms. The good candidates to re-
alization of qubits are semiconductor quantum dots with
controlled electron numbers. The qubit state can be en-
coded using an electron charge or, which is also promis-
ing, an electron spin [2]. The spin qubits are character-
ized by longer decoherence times necessary in the quan-
tum computation [3]. However to prepare that qubit one
needs to apply a magnetic field and removed the degen-
eracy between spin up and down. The manipulation of
the qubit can be done by electron spin resonance and the
read-out via currents in spin-polarized leads [4]. Another
concept to encode the qubit is based on the singlet-triplet
states in a double quantum dot (DQD). In this case the
magnetic field is not necessary and the qubit preparation
is performed by electrical control of the exchange inter-
actions [5, 6]. The qubit states can be controlled by e.g.
an external magnetic field [7], spin-orbit [8] or hyperfine
interaction [9, 10]. For the read-out of the qubit state one
can use current measurement and the effect of Pauli spin
blockade [11]. In the Pauli blockade regime the current
flows only for the singlet, which gives information about
the qubit states.
DiVincenzo et al [12] suggested to build the qubit in
more complex system, namely in three coherently cou-
plet quantum dots (TQD). The qubit states are encoded
in the doublet subspace and can be controlled by ex-
change interactions. This subspace was pointed as a
decoherence-free subspace (DFS) [13], which is immune
to decoherence processes. Another advantage of this pro-
posal is the purely electrical control of the exchange in-
teractions by gate potentials which act locally and pro-
vide much faster operations. In the TQD system, in the
contrast to the DQD qubit, one can modify more than
one exchange interaction between the spins and perform
full unitary rotation of the qubit states [1]. The three
spin qubit has also more complicated energy spectrum
which provides operations on more states in contrast to
the two spin system. Recently experimental efforts were
undertaken [14–17] to get coherent spin manipulations in
a linear TQD system according to the scheme proposed
by DiVincenzo et al [12]. The initialization, coherent ex-
change and decoherence of the qubit states were shown
in the doublet [14, 15] and doublet-quadruple subspace
[16]. The read-out of the qubit state was performed, like
in DQD, by means of the Pauli blockade [14–16]. Amaha
et al. [17] observed a quadruplet blockade effect which
is based on reducing leakage current from quadruplet to
triplet states in the presence of magnetic field. Shi et al.
[18] showed that DiVincenzo’s proposal can be realized
on double quantum dots with many levels and three spin
system controlled by gate potentials.
In this paper we demonstrate that TQD in a trian-
gular geometry can work as a qubit. This kind of TQD
was already fabricated experimentally by local anodic ox-
idation with the atomic force microscope [19] and the
electron-beam lithography [20]. In the triangular TQD
qubit exchange interactions between all spins are always
on and very important is symmetry of the system. Trif
et al. [21, 22] and Tsukerblat [23] studied an influence
of the electric field on the symmetry of triangular molec-
ular magnets and spin configurations in the presence of
a spin-orbit interaction. DiVincenzo’s scheme to encode
the qubit in triangular TQD was considered by Hawrylak
and Korkusinski [24] where one of the exchange coupling
was modified by gate potential. Recently Georgeot and
Mila [25] suggested to build the qubit on two opposite
chiral states generated by a magnetic flux penetrating
the triangular TQD. One can use also a special configu-
ration of magnetic fields (one in-plane and perpendicular
to the TQD system) to encode a qubit in chirality states
[26]. Recent progres in theory and experiment with TQD
system was reported in [27].
Our origin idea is to use the fully electrical control
of the symmetry of TQD to encode and manipulate the
qubit in the doublet subspace. The doublets are vulner-
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2able to change the symmetry of TQD, which will be use
to prepare and manipulate the qubit (sec. III). The cru-
cial aspect in quantum computations is to read-out the
qubit states. Here we propose a new detection method,
namely, a doublet blockade effect which manifests itself
in currents for a special configuration of the local poten-
tial gates. We show (sec. IV) that the doublet block-
ade is related with an asymmetry of a tunnel rates from
source and drain electrodes to TQD and the inter-channel
Coulomb blockade. The method is fully compatible with
purely electrical manipulations of the qubit. Next we
present studies of dynamics of the qubit and demonstrate
the coherent and Rabi oscillations (sec. V). The studies
take into account relaxation and decoherence processes
due to coupling with the electrodes as well as leakage
from the doublet subspace in the measurement of cur-
rent flowing through the system. We derive character-
istic times which describe all relaxation processes. Our
model is general and can be used for a qubits encoded
also in the linear TQD, which is a one of the cases of
broken symmetry in the triangular TQD.
II. MODEL
Our system is a triangular artificial molecule built of
three coherently coupled quantum dots with a single elec-
tron spin on each dot (see. Fig.1). Interactions between
the spins are described by an effective Heisenberg Hamil-
tonian
Hˆ =
∑
i
Ji,i+1(Si · Si+1 − 1
4
)− gµBBz
∑
i
Sz,i , (1)
where the Zeeman term is included to show splitting by
an external magnetic field Bz (µB is the Bohr magne-
ton, g is the electron g-factor) and Ji,i+1 is an exchange
interaction between electrons on sites i and i+ 1.
The exchange parameter can be calculated by Heitler-
London and Hund-Mulliken method. For a defined con-
finement potential one can find the parameter as a func-
tion of the interdot distance, the potential barrier and
the magnetic field [28, 29].
For the system with three spins there are two sub-
spaces, one of them is a quadruplet with the total spin
S = 3/2 and Sz = ±1/2,±3/2. The quadruplet states
are given by:
|Q1/2〉 = 1√
3
(| ↑1↑2↓3〉+ | ↑1↓2↑3〉+ | ↓1↑2↑3〉), (2)
|Q3/2〉 = | ↑1↑2↑3〉, (3)
and similar functions for opposite spin orientations. En-
ergies of these states are ESzQ = −gµBBzSz. The second
subspace is formed by doublet states with S = 1/2 and
Sz = ±1/2. The doublet state for Sz = 1/2 can be ex-
pressed as:
|Ψ1/2D 〉 = αD1 |D1/21 〉+ αD2 |D1/22 〉, (4)
where
|D1/21 〉 =
1√
2
(| ↑1↑2↓3〉 − | ↑1↓2↑3〉) ≡ | ↑1〉|S23〉 (5)
|D1/22 〉 =
1√
6
(| ↑1↑2↓3〉+ | ↑1↓2↑3〉 − 2| ↓1↑2↑3〉)
≡ 1√
3
| ↑1〉|T 023〉 −
√
2
3
| ↓1〉|T 123〉, (6)
|S23〉 and |TSz23 〉 denote a singlet and triplet state on the
{23} bond, respectively. Here we assume large Coulomb
intradot interactions and ignore double electron occu-
pancy. In the doublet subspace (5)-(6) one can express
the Hamiltonian (1) as
Hˆσ = −1
2
(3J + gµBBz)1+
δ
2
σz +
γ
2
σx (7)
using the Pauli matrix representation. The parameters
are given by
J =
1
3
(J12 + J23 + J31), (8)
δ =
1
2
(J12 + J31 − 2J23), (9)
γ =
√
3
2
(J12 − J31). (10)
The eigenvalues of (7) are:
E±D = −
3
2
J − gµBBz
2
± ∆
2
, (11)
where ∆ =
√
γ2 + δ2 is the doublet splitting and J de-
scribes the energy differences between the doublet and
the quadruplet subspace. Two other parameters δ and γ
can be interpreted as an effective magnetic field in the z
and x direction, respectively [30].
In GaAs/AlGaAs quantum dots the exchange interac-
tion J is estimated in the range 0.02 ÷ 0.3 meV [31, 32]
and in a molecular magnet as 0.43 meV [21]. The doublet
splitting for a linear TQD is the order ∆ ∼ 0.1µ÷ 1 µeV
[16, 33]. This parameter can be even larger ∆ ∼ 21.6
µeV in Si/SiGe quantum dots [34].
In this paper we assume that the exchange couplings
Ji,i+1 can be manipulated by local potential gates V
gate
i,i+1,
which change potential barriers and modify electron hop-
ping as well as local covalency between the quantum dots.
The exchange coupling can be expressed in the linear ap-
proximation as Ji,i+1 = J + jV V
gate
i,i+1, where jV describes
sensitivity of the exchange coupling to the gate voltage.
For our analysis of the symmetry breaking in TQD, it
is more suitable to parameterize the gate potentials as
V gatei,i+1 = V0 + v cos [θ + (i− 1)2pi/3] with V0 ≡ 0, some
amplitude v and angle θ. This parametrization corre-
sponds to influence of an effective electric field E on the
bond polarization and covalency. For a small value of E
the exchange couplings can be expressed as
Ji,i+1 = J + gE cos
[
θ + (i− 1)2pi
3
]
, (12)
3where gE = jEe|E||r1− r2|, jE is a parameter describing
sensitivity of the exchange coupling to the electric field,
e - the elementary electron charge, ri - the vector show-
ing the position of the i-th quantum dot, θ is the angle
between E and the axis Y (see Fig.1). A similar relation
was obtained for the triangular molecule in the electric
field which changed chirality of the spin system [21, 22].
Let us stress that because the electric field is taken as the
small parameter, single electron occupancy of each dot is
conserved and the ground state is always the doublet.
In the TQD system one can also consider superex-
change processes through excited double occupied states.
Applying local potential gates to the quantum dots one
can shift their energy levels and modify the superex-
change couplings [35]. Because a parameter of inter-
dot electron hopping is relatively small with respect to a
intra-dot Coulomb interaction, the modifications of the
superexchange couplings are very small and will not be
discussed in the paper.
Y
X
r3
r2r1
3
21
E
θ
FIG. 1: The model of triangular molecule placed in the effec-
tive electric field E.
III. QUBIT PREPARATION AND
MANIPULATION
Let us consider how to encode the qubit in the doublet
subspace with the spin Sz = 1/2, expressed by |Ψ1/2D 〉.
This state is isolated from the doublet |Ψ−1/2D 〉 and the
quadruplets states for a moderate magnetic field, ∆ <
gµBBz < (E
3/2
Q − E+D). The encoded qubit states |0〉
and |1〉 correspond to the doublets |D1〉 and |D2〉, Eq.(5)
and (6) (the spin index 1/2 is omitted to simplify the
notation). In the further considerations the hyperfine
and spin-orbit interactions are ignored.
The qubit is prepared by a proper orientation θ of the
effective electric field E which changes the symmetry of
the system. Fig. 2 presents density matrix elements
ρD1D1 and ρD2D2 as a function of θ. One can see that the
qubit is prepared in the state |D1〉 for θ = 4pi/3 (the elec-
tric field is oriented from the quantum dot 1). For this
symmetry the exchange parameters are J12 = J31 < J23
and from eq. (9) and (10) one gets δ < 0 and the mixing
between the doublets γ = 0. For θ = pi/3 the electric
field points to the quantum dot 1 and J12 = J31 > J23,
δ > 0 and γ = 0. In this case the qubit is prepared in the
state |D2〉. We would like to emphasize that in the trian-
gular TQD the both qubit states are equivalent and can
be easily achieved only by change the symmetry of the
system. This is the main advantage in comparison with
the linear TQD where the qubit can be prepare usually
only in one of the doublet state.
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FIG. 2: Density matrix elements ρD1D1 (solid black curve)
and ρD2D2 (dashed red curve) vs θ for the ground state at a
moderate value of the electric field gE = 0.2, J = 1. The left
and right inserts shows direction of the electric field when the
qubit is prepared in the states |D2〉 and |D1〉, respectively.
These two opposite directions of the electric field corresponds
to a minimal (thin line) and maximal (thick line) bond polar-
ization between the dots 2 and 3.
Now we show how one can perform one qubit opera-
tions by means of the electric field. After preparation of
the qubit in one of the states |D1〉 or |D2〉 we change
rapidly the angle θ to perform a dynamic rotation of
the qubit state. The qubit dynamics is described by the
time-dependent Schro¨dinger equation with the Hamilto-
nian (7). We can show two basic quantum gates. For
δ = 0 the pseudo-spin rotates around the x-axis on the
Bloch sphere, which is the Pauli-x quantum gate and the
solution of the Schro¨dinger is given by
|ΨD(t)〉 = exp
[
i
2
(3J + gµBBz)t
]
Ux|ΨD(0)〉 . (13)
Here Ux = exp [−iγσxt/2] is an unitary operator of rota-
tion around the x-axis. Second quantum gate we get for
γ = 0 with the solution given by (13) but now instead
Ux we have Uz = exp [−iδσzt/2] which is an unitary op-
erator of rotation around the z-axis. These two rotations
can be use to get to any point on the Bloch sphere. It
is clearly seen that by modification of the parameters γ
and δ one can get full control of the qubit operations (see
also [36]).
4IV. DETECTION - DOUBLET BLOCKADE
In the linear TQD the read-out of the qubit state is
possible due to charge-spin conversion in the regime of
the Pauli spin blockade. A detuning voltage is applied be-
tween two outermost dots, which drives the system from
single occupied configuration (1,1,1) to double occupied
e.g. (2,0,1). This transfer is possible for an electron with
the opposite spin orientation and can be detected by a
quantum point contact (QPC) [14, 16].
In this section we would like to show a new method to
read-out the qubit state which is based on a measurement
of currents flowing through the system. The detection is
compatible with electrical control of qubit state and the
charge-spin conversion is not necessary. We assume that
TQD is coupled by tunnel junctions to the electrodes,
where the first and the second dot are connected to the
left and right electrode, respectively. Application of this
method in an experimental setup is a similar technical
complexity as QPC. The electron transport through the
tunnel junctions is studied within the sequential tunnel-
ing regime. Transfer rates from the left (L) and the right
(R) electrode to TQD are given by:
ΓL(R)+ν2→ν3 =
Γ
~
|〈ν3|c†1(2),σ|ν2〉|2f(Eν3 − Eν2 − µL(R)). (14)
Here we assume that both tunnel barriers are charac-
terized by the same parameter Γ, the reduced Planck
constant is taken ~ = 1, |ν2〉 and |ν3〉 denote the states
with two and three electrons with the corresponding en-
ergies Eν2 and Eν3 , c
†
1(2),σ is an electron creation op-
erator on the dot 1 (2) with spin σ = ±1/2. f de-
notes the Fermi distribution function, the electrochem-
ical potentials in the left and the right electrode are
µL = EF and µR = EF + eV , where EF is the Fermi
energy and V is an applied bias voltage. By analogy
one can define transfer rates Γ
L(R)−
ν3→ν2 from TQD to the
electrodes. We confine our considerations to a voltage
window with transitions between the states with three
and two electrons, but a similar situation one can expect
for transitions between three and four electron states.
Two electron states |ν2〉 can be either the singlet |S〉 or
triplet |TSz 〉. For a high intra-dot Coulomb interaction
one can neglect double occupied states and confine con-
siderations to the states with single electron occupancy
only. The singlet can be then expressed as a linear su-
perposition: |S〉 = αS12|S12〉+αS23|S23〉+αS31|S31〉, where
|Sij〉 = (| ↑i↓j〉 − | ↓i↑j〉)/
√
2 denotes the singlet on the
{i, j} pair of dots. Calculating the elements of the trans-
fer matrices one can find net transfer rates between the
doublet |D±1/21 〉, |D±1/22 〉 and the singlet |S〉:
|〈D±1/21 |c†1σ|S〉|2 = |αS23|2, (15)
|〈D±1/22 |c†1σ|S〉|2 = 0, (16)
|〈D±1/21 |c†2σ|S〉|2 =
1
2
|αS31|2, (17)
|〈D±1/22 |c†2σ|S〉|2 =
3
4
|αS31|2. (18)
For symmetry reasons there are no transfers between |S〉
and |QSz 〉. If we express the triplet state in the form
|TSz 〉 = αT12|TSz12 〉 + αT23|TSz23 〉 + αT31|TSz31 〉, with |T 1ij〉 =
| ↑i↑j〉, |T 0ij〉 = (| ↑i↓j〉+ | ↓i↑j〉)/
√
2 and |T−1ij 〉 = | ↓i↓j〉,
then the corresponding transfer elements are:
|〈D±1/21 |c†1,σ|T±1〉|2 = |〈D±1/21 |c†1,σ|T 0〉|2 = 0, (19)
|〈D±1/22 |c†1,σ|T±1〉|2 = 2|〈D±1/22 |c†1σ|T 0〉|2 =
2
3
|αT23|2,
(20)
|〈D±1/21 |c†2,σ|T±1〉|2 = 2|〈D±1/21 |c†2,σ|T 0〉|2 =
1
2
|αT31|2,
(21)
|〈D±1/22 |c†2,σ|T±1〉|2 = 2|〈D±1/22 |c†2σ|T 0〉|2 =
1
6
|αT31|2,
(22)
and for quadruplets
|〈Q±3/2|c†1σ|T±1〉|2 = (3/2)|〈Q±1/2|c†1σ|T 0〉|2 =
3|〈Q±1/2|c†1,σ|T±1〉|2 = |αT23|2, (23)
|〈Q±3/2|c†2σ|T±1〉|2 = (3/2)|〈Q±1/2|c†2σ|T 0〉|2 =
3|〈Q±1/2|c†2,σ|T±1〉|2 = |αT31|2. (24)
The Hamiltonian in the singlet subspace {|Sij〉} is
HS =
 ˜12 t23 t31t12 ˜23 t23
t31 t23 ˜31
 , (25)
whereas for triplets {|TSzij 〉}
HT =
 ˜12 −t23 −t31−t12 ˜23 −t23
−t31 −t23 ˜31
 . (26)
Here, ˜i,i+1 = εi + εi+1 + Ui,i+1 denotes a local en-
ergy of two electrons on the {i, i + 1} pair (in calcula-
tions we take εi = 0) including an inter-dot coulomb
interaction Ui,i+1. Here the hopping parameter is taken
ti,i+1 = t0+tE e|E||r1−r2| cos [θ + 2(i− 1)pi/3]. The dif-
ference between HT and HS is the sign in the off-diagonal
elements, which makes difference in the spectrum. For
ti,i+1 < 0 the ground state is singlet, whereas triplet be-
comes the ground state for ti,i+1 > 0. The ground state
never can be a dark state, neither singlet nor triplet, the
coefficients αS,Ti,i+1 6= 0 (see [37] for more details).
5From Eq.(15)-(22) one can see that transfer rates from
doublets are asymmetric. An electron can tunnel from
the right electrode to the both states |D1〉 and |D2〉, but
it can be transferred further to the left electrode through
one doublet only. In such the situation one can expect
the inter-channel Coulomb blockade effect. If an electron
is captured in one of the doublet state, it blocks (due to
Coulomb interaction) flow of electrons through the other
state. For transport from the singlet state the electron
can be captured at |D2〉 which results the current block-
ade through |D1〉. In transport through the triplet the
role of the doublets is reversed, transport through |D2〉 is
blocked by an electron captured at |D1〉. Since the dou-
blets play crucial role we called the effect as the doublet
blockade. The effect occurs when the mixing between the
doublets γ = 0, which corresponds to the angle θ = pi/3
or θ = 4pi/3 (see insert in Fig. 2). The doublet blockade
process should be visible in a current characteristic.
To calculate the current we use the diagonalized master
equation (DME) which is useful for a finite bias voltage
[37]. The equation of motion has the Lindblad form [38,
39]
dρmn
dt
= −i〈m|[Ĥ, ρ]|n〉
+
∑
k 6=n
(Γk→nρkk − Γn→kρnn)δmn
− 1
2
∑
k
(Γm→k + Γn→k)ρmn(1− δmn) . (27)
Here the density matrix ρ consists all considered
states m,n ∈ {ν2, ν3}, ρmn = 〈m|ρ|n〉, Γn→k =∑
α=L,R(Γ
α+
n→k+Γ
α−
n→k) and δmn denotes Kronecker delta.
The first term (27) describes coherent evolution of the
qubit in the doublet subspace with the Hamiltonian (7),
whereas the other terms correspond to decoherence pro-
cesses due to coupling with the electrodes.
The current flowing through the left junction is given
by
IL = e
∑
ν2,ν3
(ΓL−ν3→ν2ρν3ν3 − ΓL+ν2→ν3ρν2ν2). (28)
For the stationary case the density matrix elements are
derived from the master equation (27) with the left hand
side taken as zero. In calculations we assume that three
electron subspace includes doublets as well as quadru-
plets and for two electrons in TQD the singlet or triplet
states are derived from the Hamiltonian (25) or (26), re-
spectively.
Numerical calculations were performed for various po-
sitions of the Fermi level and the size of the voltage win-
dow. The calculations included all states, but the excited
states play a minor role as their population is thermally
activated and is many orders of magnitude smaller. In
this paper we confined ourself to transport studies in the
doublet blockade regime and we show how mixing be-
tween the doublets |D1〉 and |D2〉 removes the current
blockade. Fig.3 presents the voltage dependence of the
current and the probabilities for occupation of the states
|S〉, |D1〉 and |D2〉. The Fermi level is set between the
states |S〉 and |D1〉 (see the insert in Fig.3b). At the
low bias the system is in the Coulomb blockade regime
and the current starts to flow at eV ≈ 0.35 when |D1〉
becomes in the voltage window. At a higher voltage
eV ≈ 0.65 one observes a strong reduction of the current
- the doublet blockade effect. This is caused by a high
occupation of |D2〉 which is uncoupled with the left elec-
trode [see Eq.(16)]. Simultaneously one can see a drop of
the occupation of |D1〉. For the case presented in Fig.3
we have taken the mixing parameter γ = 0.08 in order
to show that mixing between the doublet states removes
the current blockade.
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FIG. 3: Doublet blockade effect for the case with the two-
electron ground state as the singlet state. a) Current char-
acteristic versus applied voltage. The vertical dashed lines
show the positions of the state |D1〉 and |D2〉. b) Probabili-
ties of occupation of the states: |S〉 - black, |D1〉 - blue and
|D2〉 - red curve. The calculations were performed for the
parameters: J = 1 (in the further calculations it is taken as
unity), δ = −0.3, γ = 0.08 (which corresponds to gE = 0.2
and θ ≈ 1.42pi), t0 = −3, Ui,i+1 = 5, for which the states are
at ES = −1, ED1 = 13.35 and ED2 = 13.65. The Fermi en-
ergy is taken at EF = 14, temperature T = 0.05 and Γ = 0.05.
For comparison we present in Fig. 4 the doublet block-
ade for the case with the triplet as the ground state. Here
we have taken the parameter δ positive in order to get the
transparent state |D2〉 to be below the uncoupled state
|D1〉. The situation is very similar to the case presented
in Fig. 3 but now one can see contribution from quadru-
plets at higher voltages. In the limit γ → 0 one gets
the doublet blockade regime when all conducting chan-
nels are blocked, also those ones through the quadruplet
states. If the order of the doublet states is reversed and
the uncoupled state |D1〉 lies below |D2〉, one can observe
6only a small thermally activated current.
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FIG. 4: Doublet blockade when the two-electron ground state
is triplet. a) Current characteristic versus applied voltage.
The vertical dashed lines show the positions of doublets |D1〉,
|D2〉 as well as quadruplets |Q〉. b) Probabilities of occupation
of the states: |T 〉 - black, |D1〉 - blue, |D2〉 - red and |Q〉 -
green curve. We use the parameters: J = 1, δ = 0.3, γ =
0.08, t0 = 3, Uij = 5, for which ET = −1, ED1 = 13.65,
ED2 = 13.35 and EQ = 15. The Fermi energy is EF = 13.8,
temperature T = 0.05 and Γ = 0.05.
V. DYNAMICS - COHERENT OSCILLATIONS
AND RELAXATION PROCESSES
Let us now consider a time evolution of the qubit and
its detection by the current measurement. The simplest
case is for a moderate magnetic field which separates the
doublets with different spin orientations. Then one may
consider only the evolution in the doublet subspace with
the spin Sz = +1/2 and ignore spin-flip processes.
A. Leakage to singlet state
First we study the case when the current flowing
through the system engages the doublet states as well
as the singlet state (the ground state for two electrons).
The dynamic of the system is describe by equation (27),
which explicitly has the form:
d
dt
ρD1D1 = −γ =ρD1D2 − ΓL−D1→S ρD1D1 + ΓR+S→D1 ρSS ,
d
dt
ρD2D2 = γ =ρD1D2 − ΓL−D2→S ρD2D2 + ΓR+S→D2 ρSS ,
d
dt
ρD1D2 = −iδ ρD1D2 − i
γ
2
(ρD2D2 − ρD1D1)
− 12 (ΓL−D1→S + ΓL−D2→S) ρD1D2 ,
d
dt
ρSS = Γ
L−
D1→S ρD1D1 + Γ
L−
D2→S ρD2D2
−(ΓR+S→D1 + ΓR+S→D2) ρSS .
(29)
To simplify the notation the spin index in the doublet
states is omitted. We assume that the both doublet states
are in the voltage window. For low temperatures one can
take into account only electron transfers from the right
to the left hand side and ignore back transfers. As we
noted above the tunneling rates on the left and the right
junction enter the master equation in an asymmetric way.
For our case ΓL−D2→S = 0 and Γ
L−
D1→S 6= 0 which describe
the decay of the resonant states, whereas ΓR+S→D1 and
ΓR+S→D2 describe the build-up of these states. Since the
system is in the doublet blockade regime an electron can
be pumped to the state |D2〉 but it can not leave this
state in the absence of the mixing term (for γ = 0).
These equations are similar to those ones for single-spin
dynamics in a quantum dot in the case of the Pauli spin
blockade [4] (see also [40]).
The qubit is prepared either in the state |D1〉 or |D2〉
as described in the chapter III. Next at the initial time
t = 0 the mixing term becomes switched on (by changing
the orientation of the effective electric field). We consider
first the case for the time independent mixing term, γ =
γ0 for t ≥ 0.
In order to have better insight into relaxation processes
the equations (29) are rewritten in the Bloch vector base:
d
dt
sx = −δsy − 12ΓL−D1→S sx,
d
dt
sy = δsx + γ sz − 12ΓL−D1→S sy,
d
dt
sz = −γ sy − 12ΓL−D1→S sz
− (ΓR+S→D1 − ΓR+S→D2 + 12ΓL−D1→S) ρSS + 12ΓL−D1→S ,
d
dt
ρSS = − 12ΓL−D1→S sz
− (ΓR+S→D1 + ΓR+S→D2 + 12ΓL−D1→S) ρSS + 12ΓL−D1→S .
(30)
Here, the vector components are sx = ρD1D2 + ρD2D1 ,
sy = i(ρD1D2−ρD2D1) and sz = ρD2D2−ρD1D1 . We also
used the condition ρD1D1(t) + ρD2D2(t) + ρSS(t) = 1,
which is fulfilled for any time. These equations are simi-
lar to the optical Bloch equations and therefore, by anal-
ogy, we may take [from the first two equations in (30)] a
decoherence rate 1/T2 ≈ ΓL−D1→S/2. This rate describes
how fast the superposition of states |D1〉 and |D2〉 loss
the coherence due to interactions with the electrodes.
From the third equation in (30) one can find a relax-
ation rate 1/T1 ≈ ΓL−D1→S/2 which describes evolution of
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FIG. 5: Coherent oscillations when the singlet ground state
is engaged in the current flow. The plots are derived for the
time independent mixing γ(t) = γ0 of the doublet states |D1〉
and |D2〉. Panel a) and b) present: the density matrix el-
ements and the currents flowing through the junctions, re-
spectively. The black-dashed line corresponds to the current
in the stationary limit. Panel c) shows the time evolution of
the pseudo-spin on the Bloch sphere. The black arrow rep-
resents the initial state |D1〉 and the green arrow - the final
state. The parameters taken in the calculations: δ = −0.3,
γ0 = 0.08,Γ = 0.05, ρD1D1(0) = 1, and the other parame-
ters as in Fig.3. The relaxation rates calculated exact are:
1/Tleak = 0.0306, 1/T1 = 0.0069, and 1/T2 = 0.0083.
z-component of the pseudo-spin. In contrast for a stan-
dard optical Bloch equations one expects 1/T1 = 2/T2.
In our case 1/T1 = 1/T2, because they are caused only by
coupling with electrodes, and we neglect thermalization
processes in the quantum dot system.
There is also an additional term describing a leak-
age from the qubit space to the |S〉 state, which
causes the collapse of the Bloch sphere. The re-
laxation rate for the leakage process is 1/Tleak ≈(
ΓR+S→D1 + Γ
R+
S→D2 + Γ
L−
D1→S/2
)
[see the fourth equation
in (30)].
The relaxation rates 1/T1, 1/T2 and 1/Tleak consid-
ered above contain the main contribution parts only.
To get full information about the rates one needs to
solve exactly the differential equations (29) or (30).
We solved eq. (29) by means of the Laplace trans-
formation gˆ(z) =
∫∞
0
ρˆ(t) exp(−zt)dt, where ρˆ =
{ρD1D1 , ρD2D2 , ρSS ,<ρD1D2 ,=ρD1D2}. This method is
very useful, because the poles of gˆ(z) give information
on the relaxation rates (real parts of the poles) and on
frequencies of eigenmodes (imaginary parts of the poles).
Although one can get analytical solutions in our case,
they are too complex and illegible, therefore we present
numerical results only. In the final step we made the in-
verse Laplace transformation to get the time evolution
of the system ρˆ(t). From (28) we get currents flowing
through the left and the right tunnel junction:
IL(t) = eΓ
L−
D1→S ρD1D1(t), (31)
IR(t) = e(Γ
R+
S→D1 + Γ
R+
S→D2)ρSS(t). (32)
Notice that in general IL(t) 6= IR(t), which exhibits time
dependent charge accumulation in the system. Of course
in the stationary limit (t→∞)
I0L = I
0
R =
eγ20 Γ
L−
D1→S(Γ
R+
S→D1 + Γ
R+
S→D2)
γ20(2Γ
R+
S→D1 + 2Γ
R+
S→D2 + Γ
L−
D1→S) + Γ
R+
S→D2(4δ
2 + (ΓL−D1→S)
2)
. (33)
The numerical results for ρij(t) are presented in Fig.
5a. We have assumed that the qubit is prepared in the
state |D1〉. One can see that the population of the singlet
state (ρSS) increases at the beginning of the measure-
ment. It is the effect of leakage from the doublet sub-
space to the singlet state with the relaxation time Tleak.
For longer times ρSS decrease with the relaxation time
T1. Because the current IR(t) is proportional to ρSS , eq.
8(32), these processes can be measured in the short and
long time range, respectively - see fig.5b. One can see also
(fig. 5a) that the occupation of the state |D1〉 decreases,
whereas |D2〉 increases. It is related with trapping of an
electron in the dark state |D2〉 (the doublet blockade ef-
fect). The quantities ρD1D1(t) and ρD2D2(t) reach their
stationary values with the relaxation rate 1/T1. The di-
minish of |D1〉 can be directly seen in the IL(t) character-
istic (fig.5b). One can say that measurement of the cur-
rent flowing through the left and the right junction gives
information about dynamics and relaxation processes in
the qubit subspace.
The oscillations of ρD1D1 and ρD2D2 are related with
the coherent oscillations which can be seen for the curves
<ρD1D2 and =ρD1D2. The period of the oscillations is
equal to ∆/(2pi), whereas their amplitude is [γ0/(2∆)]
2
and decreases with the decoherence rate 1/T2. In fig. 5c
we present these oscillations as a rotation of the pseudo-
spin vector on the Bloch sphere. For the initial conditions
the pseudo-spin points out the south pole (a black ar-
row). The final state is represented as a green arrow and
it deviated from the z-axis, because of nonzero mixing γ0.
One can see the pseudo-spin rotates on the helix, which
radius is diminished in time due to decoherence with the
time T2 and it is called as a phase damping. The axis of
rotation (blue arrow) is given by
(−δγ0/∆2, 0, δ2/∆2).
Another damping is related with relaxation to the sta-
tionary state with the rate 1/T1 – this is called as the
amplitude damping [1]. The leakage process reveals it-
self in the short time scale (in two first cycles) and the
effect is clearly seen in the measurement of the current
IR(t).
Now we analyze the driven case for an AC electric
field which cause oscillation of mixing term γ(t) =
γ0 exp(−iωt). Dynamics is described by the equations of
motion Eq.(27) in the rotating frame (RF) approxima-
tion, in which |D1〉RF = |D1〉 exp(iωt/2) and |D2〉RF =
|D2〉 exp(−iωt/2). The stationary current is given by
I0L(ω) = I
0
R(ω) =
eγ20 Γ
L−
D1→S(Γ
R+
S→D1 + Γ
R+
S→D2)
γ20(2Γ
R+
S→D1 + 2Γ
R+
S→D2 + Γ
L−
D1→S) + Γ
R+
S→D2 [4(δ − ω)2 + (ΓL−D1→S)2]
. (34)
I0L(ω) has a Lorentzian dependence and reaches its max-
imum for a resonance condition ω = δ. In this case
the doublet blockade is removed and higher current flows
through the system.
Fig. 6 shows the density matrix elements, the currents
and the oscillations on the Bloch sphere for the driven
case in the resonance (ω = δ). We take the same param-
eters as for Fig. 5 but now the results are presented in
the rotating frame. One can see the large Rabi oscilla-
tions of ρD1D1 and ρD2D2 . The population of the states
is changed alternately between |D1〉 and |D2〉 with the
frequency |γ0|. It is also seen in Fig. 6c which presents
the rotation of the pseudo-spin on the Bloch sphere. The
rotation is in the y′-z plane on the spiral with periodic
transfers between the states ρD1D1 and ρD2D2 . In the
stationary limit one gets ρD1D1(∞) = ρD2D2(∞) = 0.42
and ρSS(∞) = 0.16, which is a higher value than in the
non-driven case with ρSS(∞) = 0.02 (see Fig. 5). The
relaxation times 1/T2 and 1/Tleak are almost the same
as for the time independent case due to their weak de-
pendance on γ and δ.
The current plots in Fig. 6b) present strong oscilla-
tions which corresponds to coherent switching between
the doublet states (Rabi oscillations). The leakage cur-
rent flowing through the right junction IR also shows
some oscillations. The stationary current (dashed line)
is larger than for the non-driven case as one may expect
when the doublet blockade is removed.
B. Leakage to triplet and quadruplet states
One can expect similar dynamics when the two-
electron ground state is triplet. Here we still confine
ourselves to the doublets with Sz = 1/2 and ignore spin-
flip processes. Now in the voltage window (see the inset
in Fig.7) we have the states |D1/21 〉, |D1/22 〉 and |Q3/2〉
whereas |T 1〉 is below the chemical potential in the left
electrode. The Master equation (27) is rewritten in the
form
d
dt
ρD1D1 = −γ =ρD1D2 + ΓR+T→D1 ρTT ,
d
dt
ρD2D2 = γ =ρD1D2 − ΓL−D2→T ρD2D2 + ΓR+T→D2 ρTT ,
d
dt
ρD1D2 = −iδ ρD1D2 − i
γ
2
(ρD2D2 − ρD1D1)
− 12ΓL−D2→T ρD1D2 ,
d
dt
ρTT = Γ
L−
D2→T ρD2D2 + Γ
L−
Q→T ρQQ
−
(
ΓR+T→D1 + Γ
R+
T→D2 + Γ
R+
T→Q
)
ρTT ,
d
dt
ρQQ = Γ
R+
T→Q ρTT − ΓL−Q→T ρQQ.
(35)
Here the population of the states is built-up by the trans-
fers ΓR+T→D1 , Γ
R+
T→D2 and Γ
R+
T→Q from the right electrode.
Electrons escape from the system to the left electrode
which is described by ΓL−D2→T and Γ
L−
Q→T . The currents
flowing from the right and the left electrode are expressed
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FIG. 6: Rabi oscillations for the driven case γ(t) =
γ0 exp(−iωt) at the resonance condition (ω = δ). The no-
tation and the parameters are the same as in Fig. 5. Notice
that the results are presented in the rotating frame, whereas
Fig. 5 presents the evolution in the laboratory frame. The
relaxation rates are 1/Tleak = 0.0306, and 1/T2 = 0.0083.
as
IL(t) = e(Γ
L−
D2→T ρD2D2 + Γ
L−
Q→T ρQQ) (36)
IR(t) = e(Γ
R+
T→D1 + Γ
R+
T→D2 + Γ
R+
T→Q) ρTT . (37)
Notice that now the role of the doublet states |D1〉 and
|D2〉 is reversed, and current flows through |D2〉 while
|D1〉 is the dark state and blocks electron transport - see
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FIG. 7: Coherent oscillations when the triplet ground state is
engaged in the current flow. Figures are plotted for the time
independent mixing term with γ(t) = γ0 switched on at t = 0.
Panel a) presents the time evolution of the density matrix
elements, while b) presents the current flowing through the
left (blue curve) and right junction (black curve). The black-
dashed line corresponds to the current in the stationary limit.
Panel c) shows the evolution of the pseudo-spin on the Bloch
sphere. The initial state is |D2〉 (the black arrow), and the
final state is represented by the green arrow. The parameters
taken in the calculations: δ = 0.3, γ0 = 0.08,Γ = 0.05. The
other parameters are the same as in Fig.4. The relaxation
rates for these parameters are 1/Tleak = 0.0405, 1/T
TQ
leak =
0.0117, 1/T1 = 0.0033, and 1/T2 = 0.0055. Notice that in
the present case the currents are smaller than those ones in
Fig.5b because now the transfer rates are different.
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Eq.(19). In the Bloch space we have:
d
dt
sx = −δsy − 12ΓL−D2→T sx
d
dt
sy = δsx + γ sz − 12ΓL−D2→T sy
d
dt
sz = −γ sy − 12ΓL−D2→T sz
− (ΓR+T→D1 − ΓR+T→D2 − 12ΓL−D2→T ) ρTT
+ 12Γ
L−
D2→T ρQQ − 12ΓL−D2→T
d
dt
ρTT =
1
2Γ
L−
D2→T sz
−
(
ΓR+T→D1 + Γ
R+
T→D2 + Γ
R+
T→Q +
1
2Γ
L−
D2→T
)
ρTT
+
(
ΓL−Q→T − 12ΓL−D2→T
)
ρQQ +
1
2Γ
L−
D2→T
d
dt
ρQQ = Γ
R+
T→Q ρTT − ΓL−Q→T ρQQ
(38)
One can easily find the main contributions to the relax-
ation rates: 1/T1 ≈ 1/T2 ≈ 12ΓL−D2→T , which is qualita-
tively similar to the previously considered case with the
singlet state but now the transfer rates are different [com-
pare Eq.(15)-(18) with Eq.(19)-(22)]. The leakage to the
triplet state is given by 1/Tleak ≈ ΓR+T→D1 + ΓR+T→D2 +
ΓR+T→Q +
1
2Γ
L−
D2→T which has an additional term Γ
R+
T→Q
describing transfer from the triplet to quadruplet state.
The last row in Eq.(35) and (38) describes another leak-
age process with the relaxation rate 1/TTQleak ≈ ΓL−Q→T .
This process changes the population of the triplet and
the quadruplet state and indirectly influences dynamics
in the doublet subspace.
Solving these equations we determine the occupation
probabilities and consequently the currents: IL(t) and
IR(t). The results are presented in Fig. 7 for the time in-
dependent mixing term, γ(t) = γ0 for t ≥ 0 and |D2〉 as
the initial state. On the top panel one can see coherent
oscillations for ρD1D1 and ρD2D2 similar as for the case
with the singlet state. However, due to the quadruplet
state the dynamic of the doublets and their final occu-
pation is different than for the singlet case. In the short
time range the population ρQQ and ρTT increases due to
leakage from the doublet subspace with characteristics
rates 1/Tleak and 1/T
TQ
leak.
In the longer time scale the population ρQQ goes to ρTT
(in the stationary limit ρQQ(∞) ≈ ρTT (∞) = 0.021).
The influence of these states on the doublet dynamics
is clearly seen in the currents IL and IR presented in
Fig. 7b. IL(t) shows different behavior than in the sin-
glet case, because the doublet blockade is modified by
the quadruplet state which gives an additional contribu-
tion to the current. The increase of the current IR(t)
at the short time scale is related with the leakage to the
triplet state. For longer times IR(t) is diminished but the
quadruplet contribution makes the drop less pronounced
than in the singlet case.
The bottom panel, Fig. 7c, presents the doublet dy-
namics on the Bloch sphere. The behavior of the Bloch
vector is similar as in the singlet case with some quantita-
tive differences. The phase and the amplitude damping is
smaller which is the result of the longer relaxation times
in the considered case.
C. Spin-flip processes
In the considerations above we have taken into account
only charge fluctuations on the evolution of the qubit.
Let us now extend the studies and include spin-flip pro-
cesses. A spin of an electron captured on a quantum dot
can interact with nuclear spins of many atoms confined in
the area of the quantum dot, which can lead to decoher-
ence of the qubit states. The decoherence processes due
to hyperfine interaction in triangular spin clusters has
been already investigated by Troiani et al. [41]. Here we
consider another decoherence process caused by the spin
relaxation in the electrodes. The electrodes connected to
TQD are paramagnetic and electron can be injected with
spin up to the state |D1/21,2 〉 or with spin down to |D−1/21,2 〉.
This stochastic process leads to mixing between two dou-
blet subspaces.
The evolution of the qubit is studied in the absence of
the magnetic field. We assume that the qubit is prepared
in the state |D1/21 〉 with the spin Sz = +1/2 and the
singlet is the ground state for two electrons. Similarly as
in in the previous cases the qubit dynamics is govern by
the Master equation (27), but now we take into account
states with different spin orientation |D±1/21 〉, |D±1/22 〉
and |S〉
11
d
dt
ρ
D
1/2
1 D
1/2
1
= −γ=ρ
D
1/2
1 D
1/2
2
− ΓL−D1→S ρD1/21 D1/21 + Γ
R+
S→D1 ρSS
d
dt
ρ
D
1/2
2 D
1/2
2
= γ=ρ
D
1/2
1 D
1/2
2
+ ΓR+S→D2 ρSS
d
dt
ρ
D
1/2
1 D
1/2
2
= −iδ ρ
D
1/2
1 D
1/2
2
− iγ2
(
ρ
D
1/2
2 D
1/2
2
− ρ
D
1/2
1 D
1/2
1
)
− 12ΓL−D1→S ρD1/21 D1/22
d
d
ρSS = Γ
L−
D1→S
(
ρ
D
1/2
1 D
1/2
1
+ ρ
D
−1/2
1 D
−1/2
1
)
− 2 (ΓR+S→D1 + ΓR+S→D2) ρSS
d
dt
ρ
D
−1/2
1 D
−1/2
1
= −γ=ρ
D
−1/2
1 D
−1/2
2
− ΓL−D1→S ρD−1/21 D−1/21 + Γ
R+
S→D1 ρSS
d
dt
ρ
D
−1/2
2 D
−1/2
2
= γ=ρ
D
−1/2
1 D
−1/2
2
+ ΓR+S→D2 ρSS
d
dt
ρ
D
−1/2
1 D
−1/2
2
= −iδ ρ
D
−1/2
1 D
−1/2
2
− iγ2
(
ρ
D
−1/2
2 D
−1/2
2
− ρ
D
−1/2
1 D
−1/2
1
)
− 12ΓL−D1→S ρD−1/21 D−1/22
(39)
where the transfer rates are the same for both spin orien-
tations: ΓL−Dn→S = Γ
L−
D
1/2
n →S
= ΓL−
D
−1/2
n →S
and ΓR+S→Dn =
ΓR+
S→D1/2n
= ΓR+
S→D−1/2n
. One can see that the Master
equation (39) represents dynamics of two doublet sub-
spaces with Sz = 1/2 and Sz = −1/2. The subspaces
are mixed with each other by transfers to the singlet
state [see fourth equation in (39)] . These two sub-
spaces correspond to two pseudo-spin vectors on two
Bloch spheres. Each of the subspace is described by the
Master equation Eq. (30) but the relaxation rates are
now: 1/T1 ≈ 1/T2 ≈ ΓL−D1→S/2 and the leakage process
1/Tleak ≈ 2ΓR+S→D1 + 2ΓR+S→D2 + ΓL−D1→S , which is twice
larger than in the case without spin-flip due states de-
generacy.
We make the Laplace transformation of the Master
equation (39) and find the relaxation rates from the
poles of the polynomial z PS(z)Q(z). Here the poly-
nomial PS(z) is the same as for the previous case [de-
scribed by Eq. (30)] with the transfer rates including
degeneracy of the doublet states. The second polyno-
mial Q(z) = z(z + ΓL−D1→S) +
1
2γ
2
0(z +
1
2Γ
L−
D1→S)(2z +
ΓL−D1→S)/
[
(z + 12Γ
L−
D1→S)
2 + δ2
]
is related with the spin
flip-processes which mix two doublet subspaces. From
Q(z) = 0 one finds the spin-flip relaxation times
1
T±sf
=
(
1± |δ|
∆
)
ΓL−D1→S
2
(40)
in the limit of weak coupling with the electrodes. The
rate 1/T+sf is the second largest rate, after leakage and
describes a rapid relaxation process, which can be seen
in the short time scale. 1/T−sf corresponds the longest
relaxation process which leads to total mixing of two
doublet subspaces in the stationary limit. The dynam-
ics in the doublet subspace including spin-flip processes
is presented in Fig. 8a. The time evolution of |D1/21 〉 is
similar to the case without spin-flip (compare with Fig.
5), but now its reduction in the short time scale is faster
due to 1/T+sf . At the same time the |D−1/21 〉 is built-
up with the rate 1/T+sf , and goes to the stationary limit
ρ
D
1/2
1 D
1/2
1
(∞) = ρ
D
−1/2
1 D
−1/2
1
(∞) = 0.03 with the rate
1/T−sf .
The qubit dynamics can be also seen in the spin current
flowing through the left IσL(t) = eΓ
L−
D1→SρDσ1Dσ1 (t) and
right junction I↑R(t) = I
↓
R(t) = e(Γ
R+
S→D1 + Γ
R+
S→D2)ρSS(t)
– see Fig.8 b. The shape of the total current IL(t) =
I↑L(t) + I
↓
L(t) is very similar as in the case without spin-
flip. To get more information one needs to measure the
spin dependent currents IσL(t). The dashed and dotted
blue curves in Fig. 8 b show I↑L(t) and I
↓
L(t) with the
characteristic times T±sf in the short and long time scale.
The fast increase of the total current in the right elec-
trode IR(t) for the very short time scale is related with
Tleak which now is two times shorter.
Let us estimate the characteristic times calculated in
the paper. In the first order of approximation the re-
laxation times are proportional to 1/Γ
L(R)+
ν2→ν3 defined in
equation (14). The tunnel rate Γ in (14) is the order
of neV for sequential transport [42]. However it can be
much larger in the coherent regime, Γ ≈ 100 µeV [43]. If
we assume Γ = 1 µeV for our system then the relaxation
and decoherence time is T1 ≈ 4.8 ns and T2 ≈ 3.9 ns for
the case with singlet. For triplet we have T1 ≈ 10 ns and
T2 ≈ 6 ns. The leakage to the singlet and triplet states
are 1.1 ns and 0.8 ns respectively. These relaxation times
are the same order as the decoherence time T ∗2 ∼ 10 ns
due to hyperfine interaction in GaAs-based quantum dots
[44]. For the spin-flip processes the relaxation times are:
T+sf ≈ 2 ns and T−sf ≈ 109 ns. One can see that due to
the long relaxation time T−sf the qubit conserves its spin
coherence for a time needed for a read-out process.
VI. CONCLUSION
Summarizing we have proposed the qubit controlled by
a symmetry breaking effect in a triangular TQD system.
The main result of the paper is the new method for read-
out of the qubit state by the current measurement in the
doublet blockade regime, and the analysis of the qubit
12
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FIG. 8: Coherent oscillations including spin-flip processes
when singlet in engaged in the current flow. Panel a) presents
the density matrix elements for all considered states; panel b)
shows the time dependence of the current flowing through
the left junction with spin +1/2 (blue dotted curve), −1/2
(blue dashed curve) and right junction with spin ±1/2 (black
dashed curve). Notice that I↑R(t) = I
↓
R(t). The total currents
IL/R(t) = I
↑
L/R(t) + I
↓
L/R(t) are plotted as a solid lines. The
parameters taken in the calculations are the same as in Fig.
5. The relaxation rates are 1/Tleak = 0.05, 1/T1 = 0.0069,
1/T2 = 0.0083, 1/T
+
sf = 0.0163, and 1/T
−
sf = 0.0003.
dynamics in the presence of decoherence processes caused
by interaction with the electrodes.
We assumed that each dot contains one spin and the
qubit was encoded in the doublet subspace. The qubit
states has been controlled by the applied gate potentials
which break the triangular symmetry. The calculations
have been performed in the the Heisenberg model where
the exchange couplings are modified by the orientation θ
of the electric field with respect to the triangular axes.
For a specific θ one of the doublets is occupied and can be
taken as an initial qubit state for further manipulations.
By quick impulses of the electric field one can perform
the Pauli X-gate and Z-gate operations. A composition
of these two operations gives full unitary control of the
single qubit.
Moreover we have demonstrated the new method to
read-out of the qubit states using the electric trans-
port through TQD and the doublet blockade effect. The
method is compatible with pure electrical manipulations
and the spin-to-charge conversion is not necessary. The
doublet blockade effect is related with an asymmetry of
tunnel rates between the doublet states and the elec-
trodes. For some specific symmetry of TQD one of the
doublet states is a dark one and the electron transport
is blocked. We have considered two cases with the sin-
glet and the triplet as a ground state for two electrons.
For the singlet case the current is blocked due to the
doublet |D2〉, whereas for transport from the triplet the
dark state is the doublet |D1〉. The doublet blockade
can be also used to detect the qubit states in the linear
TQD. However to satisfy the blockade condition γ = 0
one of the electrodes must be connected to the central
dot. Moreover the blockade can be applied to dynami-
cal initialization of the qubit state as well as to perform
Landau-Zener passages [45].
We have also considered the time dependent electron
transport in the doublet blockade regime. Our research
gives information about dynamics of the qubit, the co-
herent oscillations and the relaxation processes due to
presence of the electrodes. A role of the leakage pro-
cesses from the doublet to two electron states has been
studied as well. For the triplet case the leakage is larger
than for singlet due to activation of the quadruplet state.
We have also presented the driven case where the mixing
parameter between the doublet state is time dependent
γ(t) = γ0 exp(−iωt). In the resonance condition ω = δ
the doublet blockade is partially removed and one can
observe strong Rabi oscillations. Moreover we have in-
vestigated mixing of the doublet subspaces with Sz = 1/2
and Sz = −1/2 caused by the spin-flip processes in the
electrodes. The total mixing time T−sf is very long what
is promising for manipulation and read-out of the qubit.
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